Two field experiments were carried out during the two successive summer seasons of 2016 and 2017 at a private farm near Kafr saad center, Damietta Governorate, Egypt to study the impact of NPK fertilization at (100%, 50% and 0% NPK of the recommended doses) and some bio-stimulants (without, effective microorganisms (EM) 2ml/L, microbial mixture 1L/20L, yeast extract 10g/L and seaweed extract 1g/L) as well as their interaction on yield and its components and quality parameters of sweet potato plants Abees cultiver. Obtained results showed that increasing NPK fertilization levels from 0% to 100% of the recommended doses gave significant increments in total yield/fed, dry matter and quality parameters i.e. crude protein (%), total carbohydrates (%), starch%, total sugar %, beta-carotene and vitamin-C (vit.c) in tuberous roots of sweet potato in the two seasons. All bio-stimulants treatments increased significantly of all the previous mentioned parameters and decreased nitrate and nitrite contents in tuberous roots compared with untreated plants, EM gave the best values of all studied parameters. Doses 100 % and 50 % NPK plus EM gave the best significant increases in the studied parameters in both seasons and the interaction between 0% NPK plus EM decreased significantly nitrate and nitrite contents in the both seasons.
INTRODUCTION
Sweet potato (Ipomoea batatas L.) is a perennial root crop. It belongs to Convolvulaceae family. It is considered as a 'poor man's rich food' and the seventh biggest food crop after wheat, rice, maize, irsh potato, barely and cassava and the third of the world root and tuber crops production after potato and cassava (FAO, 2013) . Sweet potato has a vital role in human and animal nutrition, health, and industrial uses especially in developing countries (Wang et al., 2011) Nitrogen (N) is one of the most essential major macronutrients in plant; it is very important in growth and development of crops, formation of yield and improves the quality of vegetables, great importance as a constituent of numerous organic molecules in plant such as chlorophyll, amino acids, enzymes, protein and nucleic acids etc.
Phosphorus (P), also known as a major plant nutrient is essential for plant respiration, cell division, photosynthesis, energy formations, transfer and storage in plants, ion transport across cell membranes, protein and nucleic acid synthesis, helps early growth, early crop maturity, increasing starch synthesis and root developments. Potassium (K) is one of the major essential macronutrients required for plant growth and development and optimizing yield. It plays an important role in energy transport, water content and relations, photosynthesis, translocation of assimilates and increase protein content of plants. Adejobi and Odeniyi (2006) reveled that application of NPK fertilizers increased growth parameter, P, K and Ca contents in leaf and tuber root and total tuber root yield of sweet potato compared with poultry manure treatments. Yeng et al. (2012) and Brobbey (2015) showed that combination of fertilizer (15-15-15 ) NPK increased significantly plant height, fresh vine weight, dry matter and total yield of sweet potato. On sweet potato, Kumabeji (2017) ) and four levels of P (0, 25, 50 and 75 kg/ ha -1 ) the results showed that application of N and P significantly affected vegetative growth parameters and total marketable tuber root yield, increasing the level of N from 0 to 90 kg / ha -1 increased total tuberous root yield. Pushpalatha et al. (2017) indicated that applied sweet potato with 125 kg N ha -1 along with 100 kg K 2 O ha -1 recorded significantly the highest values of tuber root length, number of tuberous roots/plant, fresh tuber root weight, increasing total tuber root yield, tuber root dry matter and quality characters i.e. total sugar, TSS, carbohydrates and protein over the control. Singh et al. (2018) found that sweet potato vine length, number of branches/plant, fresh weight, leaf area, number of leaves/plant and number of tuberous roots were significantly improved by the application of recommended dose of FYM at rate of 10t/ha and 50:25:50 NPK. During the last decade, there is a great concerning on using natural safety products for soil, environment and human health and improving productivity and quality of plants. In this context, EM is a proprietary combination of actinomycetes and photosynthetic bacteria, lactic acid and yeast, helps for balancing nutrition by controlling N fertilizer to be more available for plants, plays important role in converting fixed phosphorus and potassium form to be ready soluble for plant nutrients uptake, this lead to better yield and quality; EM solution consists of useful micro-organisms for plants and soil. Gorski et al. (2017) demonstrated that EM influenced positively the content of nutrients in lettuce leaves e.g. N, P, K content and some micro elements such as Fe Mg, and Zn. Doklega (2018) indicated that EM treatment at 2ml/L gave the highest significant values on okra, i.e. chlorophyll a, b and total, nitrogen, phosphorus and potassium percentages in leaves, crude protein %, crude fibers %, beta carotene, vit-C, total carbohydrates % and total yield/ fed compared with control treatment.
Microbial mixture consists of (Azotobacter Chroococcum bacteria, which fix nitrogen; Arbuscular Mycorrhiza fungi which increase phosphorus availability and Bacillus circulans bacteria, which make potassium more available. Baddour (2014) indicated that treating potato tubers and onion seedlings with the mixture of multi strains inoculants (Azotobacter chroccoccum, Bacillus circulans and Bacillus megatherium) gave significantly the highest values of total carbohydrates, crude protein, starch (%) and vit-C (mg/100g -1 ). Charoonnart et al. (2016) showed that inoculation of lettuce with Arbuscular Mycorrhizal fungi increased number of leaves, fresh and dry weight of plant and the yield of butter head lettuce. On artichoke, Abdel Naby et al. (2017) found that treated soil with Mycorrhiza fungi at the rate of 1L/20 L water improved vegetative growth, yield and yield components and chemical composition.
Yeast is an effective extract to provide plants with minerals (macro and micro-elements), natural cytokinins, vitamins (B1, B2, B3, B5 and B6) and 18 amino acids, which play an important role in improving growth and controlling the incidence of fungi diseases. El-Tohamy et al. (2015) found that the application of yeast at 10 ml/L influenced positively some sweet potato plant characters such as plant height, number of branches, fresh weight, total chlorophyll content, relative water content (an indicator of plant water status) of leaves, total soluble solids of roots and total yield as well as root length and diameter. Abo EL-Fadl et al. (2017) reported that treating sweet potato (Abees cultivar) with yeast extract gave the highest values of plant length, number of branches/plant and fresh weight/plant as well as maximum values of sugars %, reducing sugars %, beta-carotene %, dry matter % and starch% contents of sweet potato tuberous roots.
Seaweed extract (SWE) contains macro (N, P and K) elements and micro elements (Mn, Co, Cu, Mo, Zn, Ni and Fe) which play an important role in the activation of many enzymes and metabolic processes, also important plant hormones like Auxins, Gibberellins and Cytokinin. Arafa et al. (2012) found that spraying application of SWE improved potato tuber quality characters such as total soluble solids and ascorbic acid content. Mohammed (2013) reported that spraying pepper plants with SWE gave positive significant differences in plant height, chlorophyll content %, TSS %, vit.C, total yield, fruit diameter, fruit length, fresh and dry weight of fruit as compared to untreated plants. Helaly et al. (2018) indicated that SWE affected vegetative growth characters of tomato plants such as plant height, number of branches/plant, fresh and dry weight of shoots; also chlorophyll content and total yield per plant and ascorbic acid concentration.
The aim of this investigation was to evaluate the response of sweet potato plants to some bio-stimulants as a try to minimize amounts of mineral fertilization to decrease environmental pollution and costs under Damietta conditions.
MATERIALS AND METHODS
Two field experiments were carried out during the two successive summer seasons of 2016 and 2017 at a private farm near Kafr saad center, Damietta Governorate, Egypt to study the effect of NPK and bio stimulants as well as their interaction on yield and its components and quality parameter of sweet potato.
Sweet potato transplants cv (Abees) were cultivated in nursery in the presence of water on 4 th and10 th of April in both seasons respectively. The transplants length were about 20-25 cm and were cultivated on plot ridges, ridges length were 10 m, 0.7m width then the plot area was 7m 2 and were transplanted 0.3m apart on the third top of ridges. All agricultural practices such as hilling weeds, pest and diseases control were permeated according to the Ministry of Agriculture and Land Reclamation recommendation during the growing seasons.
Experimental design and treatments:
The experiments were set out in split plot experiment in randomized complete block design with three replicates in both seasons. The experiment includes 15 treatments comprising, 3 levels of NPK fertilizers as soil application and 5 bio-stimulants as soil and foliar application treatments. The main plots were contained of three levels of mineral NPK fertilizers soil application as follow: 100%, 50% and 0% NPK fertilizers of the recommended doses according to the recommendation of the Ministry of Agric and Land Reclamation for sweet potato. Nitrogen fertilizer source is ammonium sulphate (20.5%N) at the rate of 100 Kg/fed, phosphorus fertilizer source is calcium superphosphate (15.5% P 2 O 5 ) at the rate of 200 Kg/fed and potassium sulphate (48% K 2 O) as a source of potassium fertilizer at the rate of 100 Kg /fed., N and K fertilizers were applied twice, the first addition was after one month from transplanting and the second one month later, the additions were before irrigation, while P fertilizer was added during soil preparation.
The sub plots were divided to five application treatments of bio-stimulants as follow: 1) Spraying with tap water (Control treatments).
2) Soil application with EM 2 ml/L. 3) Microbial mixture i.e. Azotobacter chroococcum bacteria, Bacillus circulans bacteria and Arbuscular Mycorrhiza fungi were added to the soil surface beside the plants at the rate of 1L /20L. 4) Yeast extract was sprayed on vegetative growth at concentration of 10g/L. 5) Seaweed extract was applied as foliar spraying at the rate of 1 g/L.
All bio-stimulants treatments were done three times; the first time after 40 days from transplanting and the second and third applications 10 days later respectively.
Experimental soil analysis
The soil samples were taken from experimental field area at a depth of (0 to 50 cm) to estimate the mechanical and chemical properties of the soil during 2016 / 2017 as shown in According to Table 1 , organic matter % is clearly high because of the experimental field was cultivated with legume crop (field beans) before sweet potato cultivation in addition the field was fertilized with 20 m 3 farmyard manure (FYM) during soil preparation.
Data records: 1-Yield and its components:
Harvesting started after 135 days from transplanting.10 samples were taken randomly from each treatment through two seasons to estimate the following parameters:
• Total tuberous roots yield (ton/fed): tuberous roots weight taken on plot bases (kg), then calculated as ton/fed. • Relative yield %: It is counted from the following equation
• Dry matter of tuberous roots %. The fresh tuberous roots samples were weighted and oven dried at 70°C until a constant weight was reached then, dry matter calculated in expression of dry matter%. (AOAC, 1975) 2-Tuberous roots quality:
• Total carbohydrates: It was estimated by Hedge and Hofreiter (1962) methods.
• Crude Protein: Crude protein of each sample was recorded by multiplying the total nitrogen by the factor 6.25 according to AOAC (2000).
• Ascorbic acid (vit-C): It was extracted from tuber's juice and titrated with 2.6-diclorophenoindophenol blue dye as described by AOAC (1975).
• Total soluble sugar: It was determined according to the method described by Sadasivam (1996) .
• Beta-carotene content: It was estimated by using spectrophotometer according to the method described by Wettestein (1957).
• Nitrate and Nitrite content: It was extracted and determined to the method described by Singh (1988) . All data were statistically analyzed according to technique of analysis of variance (ANOVA) for the splitplots design as published by Gomez and Gomez (1984) by means of "MSTAT-C" Computer software package. Averages were compared using least significant difference (LSD) method at 5% levels of probability according to the procedure outlined by Snedcor and Cochran (1980) .
RESULTS AND DISCUSSION

Effect of mineral fertilization:
Referring the effect of NPK fertilization levels, it is evident from Tables 2, 3, 4, 5 that fertilization of sweet potato plants with 100% NPK was superior for increasing total tuber root yield (t/fed), tuber root dry matter (%), crude protein (%), total carbohydrates (%), starch (%), total sugars (%),vit-C and beta-carotene also increasing nitrate and nitrite contents in tuber root followed by 50 % NPK treatment. While the lowest values were realized of control treatment (0% NPK). There were less differences between 100% and 50% NPK treatments and this differences were significant. These results may be due to the positive effects of NPK on vegetative growth which reflected on yield and its components and quality parameters of sweet potato. The aforementioned results of mineral fertilizer are in agreement with those stated by Pushpalatha et al., (2017) and Singh et al, (2018) on sweet potato. 
Effect of bio-fertilization:
By highlighting the results shown in Tables 2, 3 , 4, 5 it was found that all the applied bio-stimulants to sweet potato plants, i.e. (EM, microbial mixture, yeast extract and SWE) were significantly decreased the mean values of nitrate and nitrite in sweet potato tuber root and increasing significantly the reminders characters comparing with the untreated plants. EM (2ml /L) recorded the lowest values of nitrate and nitrite followed by microbial mixture during both seasons, also EM treatment increased significantly total tuber root yield (t/fed), tuber root dry matter (%), crude protein (%), total carbohydrates (%), starch (%), total sugars (%), beta carotene and vit-C contents of tuber root of sweet potato compared to untreated plants which gave the lowest values during the both seasons, these results may be due to that EM is a proprietary combination of actinomycetes, photosynthetic bacteria and useful micro-organisms which supply the plants with growth regulators and elicitors results are in accordance with those obtained by Gorski et al. (2017) on lettuce and Doklega (2018) on okra. 
Effect of interaction:
Data presented in the same previous Tables show that the interaction between mineral and bio-stimulants fertilizers gave significant effects on all mentioned parameters except total carbohydrates in the second season and beta-carotene in the first season. The interaction between 0% NPK plus EM decreased nitrate and nitrite content in sweet potato tuber root, while the highest mean values of total tuber root yield (t/fed), tuber root dry matter (%), crude protein (%), total carbohydrates (%), starch %, total sugars, B-carotene and vit-C of sweet potato tuber root were recorded from plants treated with 100% NPK from the recommended doses plus EM followed by 50% NPK plus EM in the both seasons, except, total carbohydrate (%) and total sugars (%) recorded the highest values (second season) due to application of 50% NPK + EM. These results may be due to effective role played by interaction between mineral fertilization elements and the effective microorganisms together on plant growth which reflected on yield and its component and quality parameters of sweet potato. These results are in agreement with Khan and Pariari (2012) 
CONCLUSION
Under present work condition, it could be concluded with fertilization of sweet potato plant with 50% level of the recommended NPK fertilizer and Effective microorganisms (EM) 2 ml/L three times during the season. This treatment gave 44% yield increment relative to the control, save and reduce chemical fertilization by 50%, improve tuberous roots yield and quality parameters, decrease NO 2 and NO 3 content, reduce environment pollution and greatly maintain human health.
In case of seedling legume crops as well as adding farmyard manure (FYM) 20m 3 /fed before cultivating sweet potato, it is possible to add EM (2ml/L) without any chemical fertilizers, thus the yield and quality are acceptable with minimizing the environmental pollution and costs under the environmental conditions of Damietta Governorate, Egypt.
